We reconsider the GUT-baryogenesis mechanism for generating the baryon asymmetry of the Universe. The baryon asymmetry is produced by the out of equilibrium decay of coloured Higgs bosons at the GUT scale, conserving B-L. If neutrinos are Majorana particles, lepton number violating interactions erase the lepton number excess, but part of the baryon asymmetry may be preserved, provided those interactions are not in thermal equilibrium when the sphaleron processes become effective, at T ∼ 10 12 GeV . We analyse whether this mechanism for baryogenesis is feasible in a variety of GUT models of fermion masses proposed in the literature, based on horizontal symmetries.
Introduction
In the GUT-baryogenesis mechanism [1] the baryon asymmetry is generated during the out of equilibrium decay of coloured Higgs bosons, because those decays violate B and L. The problem is that in SU (5) grand unification, and in any grand unified model containing U (1) B−L as a subgroup, the dominant Higgs decays conserve (B − L). Below 10 12 GeV the sphaleron configurations [2] are in thermal equilibrium [3] and violate also B and L, but conserve (B − L), relating these quantities as
where c is a constant. As a result the baryon asymmetry generated in the Higgs decays is erased, since (B − L) = 0. However, recently it has been proposed a modified GUT baryogenesis mechanism which may produce the observed baryon asymmetry, provided neutrinos are Majorana particles [4] . It is now confirmed that the deficits in atmospheric muon neutrinos [5, 6] and in solar electron neutrinos [7, 8] , as well as the KamLAND observation [9] of electron antineutrino * Speaker.
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International Workshop on Astroparticle and High Energy Physics Juan A. Lopez-Perez disappearance, are mainly due to neutrino oscillations and therefore neutrinos are massive. One of the simplest ways to generate the small neutrino masses required is the seesaw mechanism [10] , in which three heavy singlet right-handed neutrinos, ν R , are added to the Standard Model (SM) particle content. The Lagrangian giving rise to fermion masses is: 2) where L SM stands for the usual SM Yukawa terms, l L are the left-handed lepton doublets (we have suppressed family indices), H is the Higgs doublet, Y ν are the new Yukawa couplings that generate the neutrino Dirac masses after electroweak symmetry breaking and m R is a 3 x 3 Majorana mass matrix. We expect the overall scale of m R to be much larger than the electroweak scale, because ν R Majorana masses are SU (3)xSU (2)xU (1) invariant and therefore naturally of the order of the cutoff of the low energy theory. Thus, we can integrate the ν R away and we get an effective Lagrangian which contains a Majorana mass term for the left-handed neutrinos, 5) so for v < ∼ O(100 GeV ) and Y ν ∼ O(1) the ν R mass scale is Λ < ∼ 10 15 GeV , remarkably close to M GU T . As a consequence of this high scale, lepton number violating scattering processes mediated by the heavy right-handed neutrinos (1.6) are in thermal equilibrium above the temperature T ∼ 10 14 GeV , when the sphaleron interactions are not yet effective. In this new GUT baryogenesis scenario [4] the delayed decay of coloured Higgs bosons produces baryon and lepton asymmetries, conserving B − L, but the Majorana interactions erase the lepton number excess before the sphaleron interactions come into thermal equilibrium, at T sph ∼ 10 12 GeV . At lower temperatures, although the SM B + L violating processes convert baryon number into lepton number, part of the original baryon asymmetry survives, because now B − L = 0. In general, for this GUT baryogenesis mechanism to work we should require that Γ ∆L=2 (T sph ) < H(T sph ), where
International Workshop on Astroparticle and High Energy Physics Juan A. Lopez-Perez is the rate of the scattering processes (1.6) and H(T ) ∼ 17T 2 /M P lank is the Hubble parameter at the temperature T . Thus, if the light left-handed neutrinos are degenerate, since the rate of the lepton number violating scattering (1.6) is proportional to the sum of the squared neutrino masses, the condition that it is out of equilibrium at T < ∼ 10 12 GeV directly translates into an upper bound on the neutrino masses, namely m i < ∼ 0.2 eV for v ∼ 174 GeV .
Even if the lepton number violating scattering is out of equilibrium, for right-handed neutrinos lighter than ∼ 10 12 GeV we should also require that their lepton number violating decays ν R →l L +H (1.8) are out of equilibrium at T < ∼ 10 12 GeV , otherwise these interactions together with the sphalerons would wash out the baryon asymmetry produced in the Higgs decays. For each heavy neutrino, this decay rate is proportional to the mass parameter 2, 3 (1.9) where m ν R i are the eigenvalues of the Majorana mass matrix m R . Notice that while the ∆L = 2 scattering rate depends only on the light neutrino masses, the decay rate is model dependent. Two comments are in order. First, the constraint that the coloured Higgs should decay before the sphaleron processes enter into thermal equilibrium implies that m Hc > 10 12 GeV , which is in agreement with the limits from proton decay. Second, in principle this GUT baryogenesis mechanism is also valid for supersymmetric models, however the high temperature at which the baryon asymmetry is produced (T > 10 12 GeV ) may be a problem in inflationary cosmology, since it is well above the upper bound on the reheat temperature of the Universe from gravitino production.
We have addressed the question of whether this scenario for baryogenesis can be realised in several Grand Unified models of fermion masses proposed in the literature. More precisely, we focus on models with horizontal symmetries in which neutrino masses are generated via the seesaw mechanism. Our estimates are also applicable to the supersymmetric versions of these models, with the caveat of the gravitino problem. For a more complete analysis and details, see [11] .
Models of Fermion Masses
Atmospheric and solar neutrino oscillations can be fitted with two small neutrino mass differences, ∆m 2 atm = 2.5 × 10 −3 eV 2 and ∆m 2 sol = 6.9 × 10 −5 eV 2 . It is also known from experiment that the atmospheric mixing angle is nearly maximal, c 23 ∼ s 23 ∼ 1/ √ 2, s 13 < 0.2 according to CHOOZ [12] and the solar angle is large.
These observations are consistent with three patterns of neutrino masses: hierarchical
The absolute scale is
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International Workshop on Astroparticle and High Energy Physics Juan A. Lopez-Perez unknown, though, since neutrino oscillations are only sensitive to mass differences. In this respect, the search for neutrinoless double beta decay is crucial because it would provide information about the absolute spectrum and, moreover, discriminate between Majorana and Dirac neutrinos. We assume three light Majorana neutrinos, whose masses arise from the minimal seesaw mechanism. As we have seen, in this context the scale Λ for L non-conservation is suggestively close to M GU T , so we consider Grand Unified models for all fermion masses. Horizontal (or family) symmetries have been proposed with the aim of explaining the hierarchical pattern of quark and charged lepton masses [13] . For simplicity, we have analysed models with abelian U (1) H family symmetry.
The horizontal symmetry allows only third family (or just top quark) Yukawa couplings, however it is spontaneously broken by the vev's v f of some "flavon" fields Φ, which are singlets under the grand unified gauge group but charged under the flavour symmetry. Then smaller couplings are generated effectively from higher dimension non-renormalisable operators but are suppressed by powers of the parameter v f /Λ c , where Λ c is the cut-off of the theory. We expect v f M GU T and Λ c < ∼ M P lank , so the ratio v f /Λ c can be identified with the Wolfenstein parameter, λ ∼ 0.22. The number of powers of the expansion parameter is controlled by the flavor charge of the particular operator.
Notice that in all the models considered (and in most of this kind existent in the literature) the light neutrino masses are hierarchical, since it is difficult to obtain a degenerate spectrum in the context of GUT models of fermion masses. Then, as we explained before, ∆L = 2 scattering processes are always out of equilibrium at T sph ∼ 10 12 GeV , when the B − L conserving interactions become active. So what we require for the modified GUT baryogenesis to work is that either the right-handed neutrinos are heavier than 10 12 GeV , and thus they are not present in the thermal bath when the sphalerons enter into thermal equilibrium or, if they are lighter, their ∆L = 1 decays are out equilibrium at
In Grand Unified SU (5) models the SM quarks and leptons are grouped in the multiplets 10 = (q L , u c R , e c R ) and 5 * = (d c R , l L ) and the right-handed neutrinos are added in the singlet representation 1 = ν c R . The Higgs multiplets transform as a 5, and contain the coloured triplets whose decays generate the baryon asymmetry in the proposed mechanism. We assume that there are two Higgs multiplets because it has been shown that with just one the baryon asymmetry generated is too small [14] .
Q(fermions) ≥ 0
First we consider a model in which the U (1) H symmetry is broken by one singlet field Φ with charge Q = −1, and all fermions with non-negative charges [15] . The expansion parameter in this model is chosen to be ǫ = Φ /Λ c ≃ 0.06 i.e., ǫ ≃ λ 2 . From the observed
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where the value of the b quark mass allows a = 0, 1 [16] and 0
With those charges one can readily calculate the Dirac neutrino mass matrix and the Majorana mass matrix of the right-handed neutrinos, up to order one coefficients [15] . Then, using the seesaw formula (1.4) one obtains the effective Majorana mass matrix for the light neutrinos:
Notice that in this kind of models with one single flavon field and all fermions with non-negative charges the dependence on the U (1) H charges of the right-handed neutrinos drops out, and the light neutrino Majorana mass matrix depends only on the charges of the 5 fermions. Thus it has always the hierarchy structure of (2.2) , that has been proposed (among others that we will discussed later) to generate naturally the large atmospheric mixing angle. The hierarchy between m 2 and m 3 is then considered accidental, since the sub-determinant 23 of m ν is in general O(1), but this is not unlikely for the LMA solution of the solar neutrino problem: m 2 /m 3 ∼ 0.1 is not particularly small and could easily arise from a combination of order one terms.
We have analysed different values of the U (1) H charges a, b, c, d. Clearly, the modified GUT baryogensis scenario requires heavy right-handed neutrinos so the most favourable case is a = b = c = d = 0, which corresponds to almost degenerate right-handed neutrinos with masses of order Λ ∼ 10 14 GeV . Therefore for these U (1) H charges the mechanism is feasible.
The cases a = 1, b = c = d = 0 and a = b = c = 0, d = 1 are somehow in the limit because the lightest right-handed neutrino masses are M i ∼ 10 12 GeV and we have found that
Thus a more detailed analysis would be needed to elucidate these cases.
For all other values of the U (1) H charges, the lightest right-handed neutrino mass is well bellow 10 12 GeV and its ∆L = 1 decays are in equilibrium at T < ∼ T sph so GUT baryogenesis is not possible.
Q(fermions) of both signs
One can also consider that the U (1) H family symmetry is broken by a pair of SU (5) singlets Φ andΦ with charges Q = 1 and Q = −1, respectively [17] . Taking λ = Φ /Λ c ∼ λ ′ = Φ /Λ c ∼ 0.22, the fermion masses can be described by the following set of charges:
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The O(1) off-diagonal entry of m D is typical of the so-called lopsided models, which have been proposed to obtain simultaneously the large atmospheric neutrino mixing and the observed mass splitting between the solar and atmospheric frequencies. After diagonalising the charged lepton sector and integrating out the heavy right-handed neutrinos, one obtains the effective Majorana mass matrix for the light neutrinos:
The important property of m ν is that, as a result of the seesaw mechanism and the U (1) H charge assignments, the determinant of the 23 block is automatically of O(λ a λ ′a ), while the O(1) elements lead to large atmospheric mixing angle. This property is entirely due to the specific lopsided form of the Dirac neutrino mass matrix m D , for any generic Majorana matrix m R , with the only condition that the 33 entry is non vanishing, and that no new O(1) terms are generated in m ν by a compensation between small terms in m D and large terms in m Again, in this type of models the three right-handed neutrinos are heavy, with masses of order Λ ∼ 10 14 GeV , and the GUT baryogenesis seems viable.
SO(10) models
It is well known that the three SM families of quarks and leptons together with the extra right-handed neutrinos fit neatly into three copies of the SO(10) spinor representation 16. This feature has made SO(10) one of the most attractive unification groups. Regarding SO(10) Grand Unified models we first consider a detailed top-down model, that fits all fermion masses and mixings, and then we follow a bottom-up approach, which aims to reconstruct the right-handed neutrino Majorana matrix m R from the low energy effective mass matrix m ν , in the framework of a SO(10) inspired pattern for the Dirac neutrino mass matrix, m D . In both cases, neutrino masses are generated via the minimal seesaw, without additional Majorana mass terms due to small vevs of SU (2) triplets, which are possible in SO(10) models [18] .
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Albright-Barr model
This model, developed in [19] , is based on a SO(10) gauge group supplemented by a horizontal symmetry U (1) H × Z 2 × Z 2 . It is an attempt to construct a realistic SO(10) model with the minimal Higgs content. The Dirac mass matrices for the neutrinos and charged leptons are
The zeroes arise from restrictions because of the U (1) × Z 2 × Z 2 flavour symmetry, which forbids any Froggatt-Nielsen diagram. The antisymmetric ǫ terms arise from diagrams involving the adjoint 45 H Higgs vev pointing in the B − L direction. The Dirac mass matrices for the quarks can be found in [19] .
The model fits all nine quark and charged lepton masses plus the three CKM angles and CP phase with the eight input parameters
As a consequence of the lopsided nature of the large σ term in the matrix m l , the hermitian matrix m † l m l is diagonalised by a large left-handed rotation, which accounts for the near maximal atmospheric neutrino mixing for any reasonable neutrino Majorana mass matrix m R .
The type of solar neutrino mixing is determined by the texture of m R , which is rather independent of the Dirac mass matrices (2.6) because it arises from completely different operators [19] . In particular, the LMA solution of the solar neutrino problem requires a nearly hierarchical texture, namely
where ǫ and η are specified in eq. (2.7) and a, b, c, d are order 1 parameters restricted by neutrino data. The fact that the same d appears in the 22, 23 and 32 elements of m R is due to the factorised structure of the diagrams leading to the right-handed neutrino masses, and therefore is not fine-tuning. However this coefficient is strongly constrained by the CHOOZ bound, s 13 < ∼ 0.2, which requires 0.85 ≤ d ≤ 1.15 [19] . Using the seesaw formula with d = 1 one obtains the effective left-handed neutrino Majorana mass matrix
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International Workshop on Astroparticle and High Energy Physics Juan A. Lopez-Perez which leads to a normal hierarchical spectrum for the light neutrinos. One of the simplest cases allowed is a = 1, b = c = 2 and Λ = 10 14 GeV . Then, the two lightest right-handed neutrinos have masses of order m ν R 1 ∼ m ν R 2 ∼ 10 8 GeV and we have found that their ∆L = 0 decays are in equilibrium below 10 11 GeV , so together with the sphaleron processes they will wash out the baryon asymmetry generated during the Higgs decays. Given the strong hierarchy of m R , we expect that this result is generic for any value of the free parameters of the model.
Branco et al. approach
The bottom-up approach used in [20] predicts the ν R masses from ν L parameters. The m ν matrix can be written as m ν = U M N S d ν U T M N S , where we know the mass squared differences and the mixing angles. In the basis where the charged lepton mass matrix m l is real and diagonal, the Dirac neutrino mass matrix can be written as
and V L , U R unitary matrices. Then, using the seesaw formula
The V L matrix is taken to be the identity in the analytic approach of [20] ; this is a reasonable approximation in a minimal SO(10) scenario, where one expects V L to be of the order of the CKM matrix, although it may not be the case in more realistic models. Defining
R in the basis where the Dirac mass matrix m D is diagonal. Now, using the SO(10) motivated relation m D ∼ m u and taking into account the up-quark mass hierarchy at the GUT scale, one has
where ǫ ∼ λ 4 ≃ 3 × 10 −3 . The matrix M can be analytically diagonalised at leading order in ǫ (see ref. [20] for details), and the right-handed neutrino masses are just the inverse of these eigenvalues. As in the previous SO(10) model, the ν R have a strong hierarchy: m ν R 1 : m ν R 2 : m ν R 3 ∼ ǫ 4 : ǫ 2 : 1, so we expect at least one of the right-handed neutrinos to be lighter than T sph ∼ 10 12 GeV and, as a consequence, it is unlikely that the GUT baryogenesis works within this framework.
For instance, assuming a hierarchical spectrum of the light left-handed neutrinos, m 1 ≪ m 2 ≪ m 3 , we found
2 m 1 (2.14)
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International Workshop on Astroparticle and High Energy Physics Juan A. Lopez-Perez where we have neglected s 13 and we have taken θ 12 ∼ π/4, m 3 = ∆m 2 atm ≃ 5 × 10 −2 eV and m 2 = ∆m 2 sol ≃ 8 × 10 −3 eV . We have calculated that the ∆L = 1 decays of the lightest right-handed neutrinos ν R 1,2 are in equilibrium around 10 6 GeV and 10 9 GeV respectively, so those decays continue destroying lepton number at T < ∼ 10 12 GeV when the sphaleron configurations are also in equilibrium. Then, the baryon asymmetry generated in the coloured Higgs decays is completely washed out. Similar results are obtained if we assume an inverted-hierarchical spectrum of the left-handed neutrinos.
Pati-Salam
In this section we analyse a supersymmetric string-inspired model of all fermion masses and mixing angles based on the Pati-Salam SU (4) × SU (2) L × SU (2) R gauge group [21] supplemented by a U (1) H flavour symmetry [22] . It provides an example of a realistic grand unified model in which both the large atmospheric mixing angle and the hierarchical neutrino masses arise naturally, due to the so-called single right-handed neutrino dominance (SRHND) mechanism, that we will discuss in the next section. Here we are just concerned about the neutrino sector, see ref. [22] for details of the full model.
An attractive feature of grand unified models based on the Pati-Salam group is that the presence of the gauged SU (2) R subgroup predicts the existence of the right-handed neutrinos, much as in SO (10). The SM fermions, together with the right-handed neutrinos, are accommodated in the F = (4, 2, 1) and the F c = (4, 1,2) representations, 2.15) and the SM Higgs boson is contained in h = (1, 2, 2) . In order to obtain a realistic SM fermion spectrum, the mass matrices are generated by non-renormalisable operators of the form
where H = (4, 1, 2) andH = (4, 1, 2) are the heavy Higgs fields that break the SU (4) × SU (2) L × SU (2) R symmetry to the SM group at M GU T , θ,θ are the Pati-Salam singlets which carry U (1) H charges ±1 and break the flavour symmetry, and Λ c > M GU T denotes the mass of extra matter that has been integrated out. When the H and θ fields develop their vev's, those operators reduce to effective Yukawa couplings with powers of the small coefficients 22 (2.17) Then one can identify δ with mass splitting within generations and ǫ with splitting between generations. On the other hand, the right-handed neutrinos ν c acquire a large mass, (m R ) ij ∼ δ m ǫ q ij HH /Λ c .
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This model predicts the following mass matrices
Then, using the seesaw mechanism (1.4) one can calculate the effective Majorana mass matrix m ν , 20) which is dominated by the third right-handed neutrino.
Requiring that the heaviest mass eigenvalue is m 3 = ∆m 2 atm ≃ 5×10 −2 eV , the mass scale of the right-handed neutrinos results to be Λ < ∼ 6 × 10 14 GeV so the two lightest ν R 's have masses
GeV . Moreover, we have calculated that their ∆L = 1 decays are in equilibrium around 10 9 GeV for ν R 1 and 7 × 10 11 GeV for ν R 2 , so these decays continue destroying lepton number at T < ∼ 10 12 GeV , with the sphaleron configurations in equilibrium, and the baryon asymmetry that could be generated in the heavy Higgs decays disappears. Therefore the GUT baryogenesis mechanism does not work within this model.
SRHND
The single right-handed neutrino dominance (SRHND) [23] is an alternative mechanism proposed in the literature to generate simultaneously a large atmospheric mixing angle, θ 23 , and hierarchical left-handed neutrino masses. The idea is that the dominant contributions to the 23 block of the light effective Majorana mass matrix m ν come from only one of the right-handed neutrinos, leading to an approximately vanishing 23 sub-determinant. Next to leading contributions from the other right-handed neutrinos are required to generate the mass splitting and large 12 mixing angle corresponding to the LMA solution of the solar neutrino puzzle. This mechanism can be realised in many different models, in particular it has been thoroughly studied in the framework of U (1) H flavor symmetry models. These can be embedded in grand unified theories by imposing the corresponding constraints on the quark and lepton U (1) H charges, although usually the minimal models are difficult to reconcile with the data. Therefore in order to analyse if GUT baryogenesis is possible when SRHND takes place, we shall just study different charge assignments to the leptonic sector which
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If we take ν R 3 , of mass Y , to be the dominant right-handed neutrino, there are three possible textures of the heavy Majorana mass matrix m R that maintain its isolation from the other right-handed neutrinos, namely the diagonal, democratic and off-diagonal textures [23] 
In the democratic and off-diagonal textures, the Majorana masses of the upper block, X, are of the same order but not exactly equal. Denoting the Dirac neutrino mass matrix m D as 2.22) and using the seesaw formula, one obtains the effective light neutrino Majorana mass matrix, m ν . The conditions for SRHND are that the 1/Y terms in the 23 sub-matrix dominate over the 1/X, 1/X ′ terms in the full matrix,
At order O 1 Y the matrix m ν is the same for the three textures, leading to the heaviest neutrino mass 2.24) and the mixing angles [23] tan
Taking into account that tan θ 23 ≈ 1 from Super-Kamiokande and tan θ 13 < ∼ 0.2 from CHOOZ [12] , it is necessary that d ≪ e ≈ f [23] . The masses of the two remaining neutrinos as well as the solar mixing angle θ 12 appear at subleading order, and their analytic expressions depend on the particular texture of m R . In the diagonal case, if |xy|/X ≫ |x ′ y ′ |/X ′ (x, y = a, b, c and x ′ , y ′ = a ′ , b ′ , c ′ ), we have m ν 1 ≪ m ν 2 , while the diagonal texture when both |xy|/X and |x ′ y ′ |/X ′ terms are important, as well as the other two textures, lead to m ν 1 ∼ m ν 2 .
In [23] it has been shown that the conditions for SRHND and LMA solution of the solar neutrino deficit can be fulfilled in the framework of models with U (1) H family symmetries, with appropriate charge assignments, and a systematic search of the simplest examples has been performed. They assume that the U (1) H is broken by the equal vevs of two singlets,
International Workshop on Astroparticle and High Energy Physics Juan A. Lopez-Perez Φ,Φ, which have charges ±1, so both signs for the charges of the leptons are allowed. Then, omitting order one coefficients as usual, the Dirac neutrino mass matrix and the heavy Majorana matrix are 2.27) where the charges l i , n i , σ correspond to the l L , ν R and S fields, being S the one whose vev generates the heavy Majorana neutrino masses, and λ ∼ 0.22 is the Wolfenstein parameter, given by the ratio Φ /Λ c = Φ /Λ c . It is important for SRHND that at least some of the combinations l i +n p and n p +n q +σ take negative values; otherwise, the modulus signs could be dropped and the right-handed neutrino charges n p would cancel in m ν , as constructed using the seesaw formula (1.4) . Therefore the choice of right-handed neutrino charges plays an important role in determining m ν and each particular choice must be analysed separately.
We have studied several of the U (1) H charge assignments found in [23] , which provide a natural account of the atmospheric and solar neutrinos via the LMA MSW effect. We have focused on choices that lead to all right-handed neutrino masses m ν R i > 10 12 GeV , so they are not present in the thermal bath when the sphaleron processes enter into thermal equilibrium and GUT baryogenesis is in principle feasible 2 . For example, for diagonal textures we found that in the following cases GUT baryogenesis is viable 28) and as working examples of the democratic and the off-diagonal textures we have 3
The possibility of lighter right-handed neutrinos but with ∆L = 1 decays out of equilibrium at T < ∼ 10 12 GeV will be considered in [11] . 3 Note that the third example of off-diagonal textures can be readily embedded in a grand unified SU (5) theory, like the second one we considered in section 2.1.
Inverted hierarchy models
This kind of models have been studied in [24] and are based on a mechanism similar to SRHND, but with dominance of two heavy right-handed neutrinos. A reversal of the SRHND conditions leads to an inverted hierarchical spectrum of the left-handed neutrinos, m ν 3 ≪ m ν 2 ∼ m ν 1 , and bi-maximal mixing. As in the case of SRHND, the mechanism can naturally take place in models with a U (1) H family symmetry broken by two vector-like singlets with charges ±1. We shall only be concerned about the leptonic sector, although these models could be extended to describe the quark masses as well, in a GUT scenario. The only texture of the heavy Majorana neutrino matrix, m R , that can lead to an inverted mass hierarchy is the off-diagonal one in eq. (2.21) [24] . Using for the Dirac neutrino mass matrix m D the same notation as in section 2.4 (see eq. (2.22)), the seesaw formula (1.4) implies
In order to achieve an inverted hierarchy one should require that the O Introducing a U (1) H flavour symmetry, the conditions for achieving the required offdiagonal texture of m R and an inverted hierarchical spectrum of the left-handed neutrinos translate into conditions of the U (1) H charges for the different fields. Many working examples can be found in [24] , of which we have analysed some. In particular, we have obtained that the three right-handed neutrinos are heavier than 10 12 GeV and therefore GUT baryogensis is viable for the following choices of the U (1) H charges l 1 l 2 l 3 n 1 n 2 n 3 σ −2 3 3 2 −2 0 0 −3 1 1 3 −2 1 −2 −3 3 3 3 −3 −1 1 (2.32) where the charges l i , n i , σ correspond to the l L , ν R , S fields, as in the case of SRHND.
Conclusions
We have found that the GUT-baryogenesis mechanism proposed in [4] works in SU (5) × U (1) H grand unified models, with appropriate choices of the U (1) H charges such that the right-handed neutrinos are not very hierarchical, and all of them heavier than 10 12 GeV .
In models with grand unified gauge group SO(10) and Pati-Salam, the mechanism does not work, since ∆L = 1 right-handed neutrino decays are in equilibrium below 10 12 GeV ,
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International Workshop on Astroparticle and High Energy Physics Juan A. Lopez-Perez together with the B + L violating sphaleron interactions. This is because in those models the Dirac neutrino mass matrix is somehow related to the up quark mass matrix, and thus it is very hierarchical. Since the observed hierarchy in the light neutrino masses is not so strong, ∆m 2 atm / ∆m 2 sol ∼ 0.1, this implies a hierarchy on the right-handed neutrinos, so one ore more of them result with a small mass, lighter than 10 12 GeV , and their lepton number violating decays are in thermal equilibrium. Although we have only analysed some particular models, this feature seems generic for such gauge groups, independently of the flavour symmetry, as far as neutrino masses are generated via the minimal seesaw mechanism, i.e., neglecting SU (2) triplet vevs.
From a more phenomenological perspective, we have also found that GUT baryogensis works for many choices of the U (1) H charges in models with single right-handed neutrino dominance, and in models where two right-handed neutrinos dominate an lead to an inverted hierarchy of the left-handed neutrinos. Again, these models allow all heavy right-handed neutrinos with masses larger than 10 12 GeV .
